BACKGROUND: Undernutrition status at hospital admission is related to increased hospital costs. Handgrip strength (HGS) is an indicator of undernutrition, but the ability of HGS to predict hospitalization costs has yet to be studied. OBJECTIVE: To explore whether HGS measurement at hospital admission can predict patient's hospitalization costs. SUBJECTS/METHODS: A prospective study was conducted in a university hospital. Inpatient's (n = 637) HGS and undernutrition status by Patient-Generated Subjective Global Assessment were ascertained. Multivariable linear regression analysis, computing HGS quartiles by sex (reference: fourth quartile, highest), was conducted in order to identify the independent predictors of hospitalization costs. Costs were evaluated through percentage deviation from the mean cost, after adjustment for patients' characteristics, disease severity and undernutrition status. RESULTS: Being in the first or second HGS quartiles at hospital admission increased patient's hospitalization costs, respectively, by 17.5% (95% confidence interval: 2.7-32.3) and 21.4% (7.5-35.3), which translated into an increase from €375 (58-692) to €458 (161-756). After the additional adjustment for undernutrition status, being in the first or second HGS quartiles had, respectively, an economic impact of 16.6% (1.9-31.2) and 20.0% (6.2-33.8), corresponding to an increase in hospitalization expenditure from €356 (41-668) to €428 (133-724). CONCLUSIONS: Low HGS at hospital admission is associated with increased hospitalization costs of between 16.6 and 20.0% after controlling for possible confounders, including undernutrition status. HGS is an inexpensive, noninvasive and easy-to-use method that has clinical potential to predict hospitalization costs.
INTRODUCTION
Although this problem has been documented for a long time, a large number of patients are still undernourished when admitted to hospital. 1, 2 Moreover, nutritional status of a high proportion of patients worsens during hospital stay. 3 There is also a considerable amount of scientific evidence showing that undernutrition, often under-recognized and untreated, 1, 4 is associated with higher hospitalization costs. [5] [6] [7] [8] Data from multivariable analysis from studies conducted in Portugal (2007) and in Singapore (2012) reveal that the cost of a patient at risk of undernutrition or undernourishment, respectively, is approximately 19.3-24% higher than for a patient not presenting any of these conditions with the same diagnosis-related group (DRG) code. 5, 6 After controlling for underlying conditions and treatments, data from 2003 to 2004 show that undernutrition was responsible for an increase in AU $1745 per hospital admission. 7 It has been recently documented in Croatia that adult undernutrition costs over €97 million annually, accounting for 3.4% of the total Croatian national health-care budget. 8 The higher hospitalization costs associated with undernutrition can be attributed to increased risk for infections 9, 10 and pressure ulcers, 10, 11 higher complications rate 12 and also longer hospital stay 13, 14 and the readmission rate. 6 Moreover, undernutrition is known to diminish effectiveness of medical treatment 15 and to contribute to delayed functional recovery during hospitalization. 16 This information on the economic impact of undernutrition emphasizes the importance of identifying and treating undernourishment, as it has been shown that screening and nutritional treatment of undernourished patients can lower hospitalization costs. [17] [18] [19] There is an increasing evidence that handgrip strength (HGS) is a reliable and attractive method used in clinical daily practice to identify undernutrition. [20] [21] [22] Undernutrition is associated with impaired hand muscle function and HGS reflects early nutrition deprivation and repletion, before changes in body composition parameters can be detected. 20 Moreover, HGS is the most frequently used indicator of muscle function for clinical purposes; 20 it has been shown to be a reliable indicator of functional ability 20 and also an outcome predictor. 20, [23] [24] [25] Dynamometers used to measure HGS are inexpensive and portable. In addition, the measurement of HGS is noninvasive, easy and quick to perform with no need of specialized professionals, reliable 26 and shows low intra-and inter-observers variability. 26 Because of the budgetary constraints that health-care systems face today, 2 hospitalization undernutrition-related costs are a key issue in health-care management. Therefore, it is of the utmost importance to seek a simple and reliable tool to predict hospitalization expenditure so that a timely and effective health-care plan can be implemented.
This study was designed to explore the ability of HGS measurement to predict patient's hospitalization costs, considering the possible confounder effect of patients' characteristics, disease severity and undernutrition status.
SUBJECTS AND METHODS

Study population and design
A prospective study was conducted in a Portuguese university hospital between July 2011 and June 2013. A consecutive sampling approach was used. From the daily list of patients admitted to each ward, those who met the inclusion criteria were invited to participate in the study. Patients were eligible to participate in the study if they were ⩾ 18 years old, Caucasian, with an expected length of stay 424 h, conscious, cooperative and able to provide written informed consent. Patients unable to perform the HGS technique, defined as unable to understand verbal instructions or having a condition in which the patient could not perform the technique correctly and also patients with critical illness, defined as failure of at least one vital organ 27 and admitted to intensive care units, were excluded from the study. Pregnant women, individuals in isolation, those who were admitted for procedures that could put them in a critical situation and those with hemodynamic instability at the time of evaluation were also excluded. Therefore, inpatients from angiology and vascular surgery, cardiology, digestive, non-digestive and hepato-biliary surgeries, endocrinology, gastroenterology, internal medicine, nephrology, orthopedics, otolaryngology and urology wards were considered eligible for this study.
Sample size for linear regression was calculated assuming an effect size of 0.15, a statistical power of 80% and a level of significance equal to 0.05. The minimum required sample size was 113 individuals. In order to have a representative sample of the hospitalized patients who met the inclusion criteria, data collection took place until the number of patients corresponded to twice the total number of beds of all the selected wards (n = 711). Therefore, this study sample had sufficient statistical power to identify the independent variables associated with hospitalization costs. Inpatients transferred from intensive care units to the hospital ward where data were collected and inpatients transferred from surgical to medical wards (n = 48) were not included in data analysis, given that these participants' hospitalization percentage of cost deviation was above the superior limit of 95% confidence interval (CI) of cost estimates. Given the likelihood of providing inaccurate information, patients with possible cognitive impairment (n = 13) and also patients with missing data (n = 13) were excluded from data analysis. The final study sample was composed of 637 participants.
Ethics
This research was conducted according to the guidelines laid down in the Declaration of Helsinki and approved by the Institutional Review Board and the Ethics Committee of Centro Hospitalar do Porto. Written informed consent was obtained from all study participants.
Data collection
Demographical data and clinical history were obtained by consulting the patient's clinical file. DRG codes were obtained from hospital records. The remaining data were collected within 72 h of admission to the hospital by two previously trained nutritionists using a structured questionnaire.
The education level was evaluated by the number of completed schooling years and the following classes were created: 0-4, 5-12 and 412 school years. Marital status was categorized as single, married or in a common-law marriage, divorced and widowed. Disease severity was evaluated using the Charlson comorbidity index. 28 Medical discharge diagnoses in the patient's clinical record were obtained by a previously trained interviewer and used to classify comorbidity conditions. The Charlson index takes into account the number and the seriousness of comorbid diseases, each scored from 0 to 6. 28 Possibility of cognitive impairment was assessed using the Abbreviated Mental Test. 29 This test consists of 10 questions, each scored one point if correct, with a cutoff score of 7 or 8 out of 10 discriminating between cognitive impairment and normality in older adults. 29 Although the Abbreviated Mental Test was developed to discriminate cognitive impairment of older adults, it has also been applied in adults younger than 65 years. 30 In the present study, a score o6 was considered denotative of cognitive impairment because it has shown the best combination of sensitivity and specificity in a mixed sample of adults and older adults. 31 Participants' undernutrition status was evaluated by Patient-Generated Subjective Global Assessment. 32 Nondominant HGS was measured in kgf with a calibrated Jamar Hand Dynamometer (Sammons Preston, Bolingbrook, IL, USA), recommended by the American Society of Hand Therapists. 33 Measurements were performed in a chair or on a bed, with the shoulder adducted and neutrally rotated, elbow flexed to an angle of 90º and the forearm and wrist in neutral position. 34 Each participant performed three measurements with a 1 min pause between measurements and the maximum value was chosen as the HGS value. 35 When the individual was unable to perform the measurement with the nondominant hand, the dominant hand was used (n = 53).
Standing height (cm) was obtained with a metal tape (Rosscraft Innovations Incorporated, Surrey, Canada), with 0.1-cm resolution and a headboard. 36 For the participants with visible kyphosis or when it was impossible to measure standing height (n = 312), recumbent height was obtained. 37, 38 Body weight (kg) 36 was measured with a calibrated portable beam scale with 0.5-kg resolution. For participants on dialytic therapies (n = 19), dry body weight was used. When it was not possible to weigh a patient (n = 148), body weight was estimated from height and mid-upper arm circumference. 39 Mid-upper arm circumference was measured with a metal tape (Rosscraft Innovations Incorporated, Surrey, Canada), with 0.1-cm resolution. 40 The intra-and inter-observer technical error of measurement was obtained for all anthropometric measurements, respectively, in 17 and 18 individuals. Intra-observer error varied between 0.2 and 0.6%, and interobserver error varied between 0 and 1.4%, respectively, values considered acceptable for trained anthropometrists. 41 
Statistical analysis
The Kolmogorov-Smirnov test was used to evaluate the normality of variable distribution. Continuous normally distributed variables were described as mean and s.d. and non-normal as median and interquartile range. Categorical variables were reported as frequencies.
HGS was summarized using quartiles by sex, according to the cutoffs of sample distribution stratified by sex. Cutoffs were 12.0, 16.3 and 21.9 kgf for women and 25.8, 32.0 and 37.8 kgf for men. HGS varied between 1.0 and 35.1 kgf for women; median (interquartile range) was equal to 16.4 (9.6) kgf. For men, HGS values varied between 1.0 and 61.0 kgf, with a median (interquartile range) of 32.0 (12.0) kgf.
Hospitalization cost was calculated for each inpatient on the basis of discharge DRG codes. The DRG system is used to calculate hospital reimbursements, with the amounts determined on the basis of a relative weight value. This weight value reflects the main diagnostic, surgical interventions, associated pathologies and complications, clinical procedures, medium length of hospital stay, patient age and sex and discharge destination. The information about DRG codes and its amounts was obtained from Portuguese Ministerial Directive number 839-A, 31 July 2009, 42 used for data obtained between 2011 and 2012 and number 163, 24 April 2013, 43 which replaced the latter directive, was used for data obtained in 2013. The percentage of cost deviation was calculated from the difference between the cost of each inpatient and the cost of a patient with relative weight of one (€2396 for data obtained between 2011 and 2012; €2142 for data obtained in 2013). Percentage of cost deviation was summarized using quartiles according to the cutoffs of the sample distribution (−46.0, 1.3 and 49.0%).
In order to identify variables associated with HGS and with the percentage of cost deviation, patients' demographic and clinical characteristics were compared across HGS quartiles and across the percentage of cost deviation quartiles using one-way Anova (or the Kruskal-Wallis test) for continuous variables and the Pearson χ 2 -test for categorical variables.
Multivariable linear regression analysis using the stepwise method was performed to identify the independent variables of percentage of cost deviation. The following variables were included in the model: HGS quartiles, age, education, professional activity, marital status, hospitalization in medical or surgical wards, Abbreviated Mental Test and Charlson comorbidity index scores. As HGS is an indicator of the nutrition status, 1,20-22 a multivariable analysis was conducted including all the mentioned variables and adjusting for undernutrition status. The interaction between hospitalization in medical or surgical wards and HGS quartiles was also tested.
Results were considered significant when Po0.05. Statistical analyses were conducted using the Software Package for Social Sciences (SPSS) for Windows, version 21.0; SPSS, Inc, an IBM Company, Chicago, IL, USA.
RESULTS
The characteristics of the 637 patients (aged between 18 and 91 years old) stratified by HGS quartiles are presented in Table 1 . Participants with lower HGS values were older, presented lower Abbreviated Mental Test and higher Charlson comorbidity index scores. A lower percentage of participants in work and higher proportions of widows, patients with ⩽ 4 years of schooling and admitted in medical wards, were observed in the lower quartiles of HGS compared with the higher quartiles of HGS. Moreover, a higher proportion of patients who were severely undernourished was observed in the three lower quartiles of HGS. In the two lower HGS quartiles, a positive percentage of cost deviation was found. Thus, participants with low HGS have a mean cost higher compared with the cost of a patient with relative weight of one. In contrast, the percentage of cost deviation was negative in the two higher quartiles of HGS, which means that participants with high HGS have a mean cost lower compared with the cost of a patient with relative weight of one.
Patient's hospitalization costs within this sample varied between €393 and €20447, with a median (interquartile range) equal to €2428 (€3030). Participant's characteristics according to the percentage of cost deviation quartiles are presented in Table 2 . Participants in the two lower quartiles of percentage of cost deviation were younger, single or divorced, had a professional activity and a higher number of schooling years. Otherwise, a higher proportion of inpatients admitted in medical wards was observed in the lower quartiles of percentage of cost deviation. Patients in the two lower quartiles of percentage of cost deviation presented better nutrition status by Patient-Generated Subjective Global Assessment, compared with the two higher quartiles. A higher proportion of patients with high HGS in the lower quartiles of percentage of cost deviation was also observed.
The multivariable linear regression models computed to predict the percentage of cost deviation are presented in Table 3 . In model 1, the predictors of higher hospitalization costs were advanced age, hospitalization in surgical wards and being in the first (the lowest) or in the second HGS quartiles. In model 2, it is shown that advanced age, hospitalization in surgical wards, being in the first (the lowest) or in the second HGS quartiles and severe undernutrition predicted higher percentage of cost deviation. The interaction between hospitalization in medical or surgical wards and HGS quartiles was tested, but no significant effect was found in any of the fitted models (P ⩾ 0.349).
According to our estimation, and after controlling for possible confounders, being in the first or second HGS quartiles at hospital admission is related to increased odds of having higher hospitalization costs of between €375 (95% CI: €58-692) and €458 (95% CI: €161-756). After the additional adjustment for undernutrition status, being in the first or second HGS quartiles had, respectively, an economic impact of between €356 (95% CI: €41-668) and €428 (95% CI: €133-724).
DISCUSSION
Findings from the present study clearly demonstrate that patients with lower HGS at hospital admission have higher hospitalization costs. This is, as far as we are concerned, the first study to show that HGS at hospital admission predicts deviations from the hospitalization cost of a standard patient with relative weight of one. HGS is considered as an indicator of functional and nutrition status. 1, [20] [21] [22] It is therefore important to highlight that low HGS was a significant predictor of higher hospitalization costs, even after controlling for undernutrition status. It was also shown in the model not adjusted for undernutrition status that having low HGS, advanced age and being hospitalized in surgical wards independently predicted higher hospitalization costs. Moreover, an updated estimate of hospitalization costs associated with patient's severe undernutrition according to Patient-Generated Subjective Global Assessment is provided, highlighting the economic burden of undernutrition at hospital setting. Examining the explained variation assessed by the adjusted coefficients of multiple determination (adjusted R 2 ), it is also noteworthy that the two models share a similar explanatory power in predicting hospital costs. Undernutrition, after the adjustment for several confounders, represented an independent increase in costs of 19.3% in Portugal in 2007, 5 whereas in Singapore the average cost of hospitalization was 24% higher for undernourished patients in 2012. 6 Compared with these previous studies, low HGS in the present sample represented a similar independent increase in hospitalization costs between 16.6 and 21.4%. Exclusion criteria should be acknowledged because the sample restriction to patients able to provide written informed consent limits the generalization of study results for hospitalized patients who are not in this situation. Despite the higher costs that undernutrition implies, identification of undernourished patients and proper nutritional treatment can reduce hospitalization costs. [17] [18] [19] A study from 2005 showed that the incremental cost of 1 less day in hospital for undernourished patients due to nutritional treatment was €76, whereas the mean cost of 1 day in hospital was €476 for university hospitals and €337 for peripheral hospitals. 17 This study stated that the incremental costs of undernutrition screening and treatment to reduce the length of hospital stay by 1 day were higher in undernourished patients who had HGS higher than the standard compared with those of undernourished patients with HGS lower than the standard. 17 This is probably because frail patients, that is, patients simultaneously undernourished and with low HGS would benefit more from nutritional intervention. 17 In a study conducted among patients subjected to liver transplant, the assessment of preoperative nutrition status included HGS, but no single or combination of parameters predicted global resource utilization, which is an index of cost. 44 Patients identified as undernourished were given nutritional support, which can negate the adverse effects of undernutrition on post-transplant outcomes. 44 Other explanations for this finding are that only five individuals (9.4% of study sample) were severely undernourished and liver transplant is a high-cost situation where HGS could have a lower predictive value. 44 Some strengths of the present study can be enumerated. The association between HGS and hospitalization cost was adjusted for potential confounders, including undernutrition status. Also, the study sample is composed of a large number of inpatients within a varying age range (18-91 years old) from a variety of hospital wards and therefore ensuring a wide spectrum of diagnoses and relevant pathologies. Moreover, present sample HGS values and quartile cutoffs are comparable to other samples of inpatients. 45, 46 These aspects strengthen the external validity of the present study results for other hospitalized patients.
The DRG system was shown to underestimate the real hospitalization costs. 47 Moreover, only direct hospitalization costs are considered, whereas indirect costs, such as productivity loss due to time off work or societal costs, 48 are not. Nevertheless, this methodology has been used extensively to estimate undernutrition costs, 5, 6, 8 as it allows to cluster patients with a variety of diagnoses and procedures into diagnostic groups. Cases within a group will have a similar level of complexity, and their treatment is expected to have similar costs. 49 For these reasons, the DRG cost estimation methodology was used in this study.
Until now, the ability of HGS measurement at admission to predict patient's hospitalization cost has never been assessed, justifying the current study. Results first show that low HGS is associated with higher hospitalization costs, considering the possible confounder effect of other factors such as hospitalization in surgical wards and undernutrition. Patients with a low HGS at hospital admission have an independent increase in hospitalization costs ranging from 16.6% (95% CI: 1.9-31.2%) to 21.4% (95% CI: 7.5-35.3%), representing €356 (95% CI: €41-668) and €458 (95% CI: €161-756).
The early identification of patients with low HGS offers the opportunity to treat them, namely by nutrition intervention, which can improve their clinical progress and outcome and possibly reduce hospitalization costs. Future studies should compare HGS ability in predicting costs with that of other undernutrition measures and tools. Also, experimental studies should evaluate the cost-effectiveness of nutritional treatment of patients who are identified with low HGS values at hospital admission. HGS is an inexpensive, noninvasive and easy-to-use method that has clinical potential to predict hospitalization costs. Abbreviations: CI, confidence interval; PG-SGA, Patient-Generated Subjective Global Assessment. a Calculated as a percentage from the difference between the cost of each inpatient and the cost of a patient with relative weight of one. b Variables included the following: Model 1, HGS quartiles (fourth HGS quartile, highest, was used as reference), age, education (having 412 schooling years was used as reference), professional activity (having a professional activity was used as reference), marital status (being married or in common-law marriage was used as reference), hospitalization in medical or surgical wards (hospitalization in medical wards was used as reference), the Abbreviated Mental Test score, the Charlson comorbidity index score. Model 2, all the aforementioned variables and undernutrition status by PG-SGA ('not undernourished' was used as reference). c P-value by linear regression analysis. d Adjusted R 2 = 0.081. e Cutoffs: 12.0, 16.3 and 21.9 kgf for women; 25.8, 32.0 and 37.8 kgf for men. f Adjusted R 2 = 0.099.
